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Ag、Al、Au、Pd、Cu、Zn、Mg 和 Cd 等纯金属进行了优化计算。 
(3) 采用构建的二元合金溶体相杨氏模量的理论模型对 Cu-X(X: Al, Au, Zn, 
Ga)、Ag-X(X: Pd, Zn, Cd, In, Mg)、Fe-Ni、Mg-Li 和 Ta-Mo 各二元合金溶体相的
杨氏模量进行了优化计算。 
(4) 结合实验数据，采用构建的二元合金溶体相线膨胀系数的理论模型对
BCC-BCC 二元合金 Mo-X(X: W, V, Nb)、Ta-W、Cr-V，以及 FCC-FCC 二元合金
Pd-X(X: Ag, Ni)、Ni-Cu 的线膨胀系数进行优化计算。计算结果和实验数据符合
良好的一致性。 
(5) 利用基础二元系的优化参数，外推计算了 Ta-Nb-W、Ta-Nb-Mo 和
Cu-Ag-Au 各三元系中溶体相在不同成分、温度时的杨氏模量。同时计算预测了
Mo-V-X(X: W, Nb, Ta)和 W-Ta-X(X: V, Mo)各三元系中溶体相在不同成分、温度
时的线膨胀系数。由于三元合金实验信息的缺乏，三元相互作用参数有待于进一


















Young's modulus and coefficient of linear expansion are the important physical 
properties of metal materials. But experimental data of the binary and 
multicomponent alloy solid solution is limited. Therefore, establishing reasonable 
theoretical model to calculate young's modulus and linear expansion coefficient is 
very important for establishing the property database. In our group, we have achieved 
good results in the application of phase diagram calculation technology to establish 
the thermodynamic database and to guide the design of the alloy. Hence, in this thesis, 
considering temperature and composition, Young's modulus and linear expansion 
coefficient are studied based on the phase diagram calculation technology. The main 
achievements are summarized as follow: 
(1) Calculation models of Young's modulus and linear expansion coefficient for 
binary and ternary alloy solid solution were builded. 
(2) Parameters of Young's modulus of Fe、Nb、Mo、Ta、W、V、Li、Ni、Ir、
Ag、Al、Au、Pd、Cu、Zn、Mg and Cd were optimized in the semi-empirical model. 
(3) Using our theoretical model of Young's modulus for binary solid solution alloy, 
parameters of Cu-X(X: Al, Au, Zn, Ga)、Ag-X(X: Pd, Zn, Cd, In, Mg)、Fe-Ni、Mg-Li 
and Ta-Mo binary systems were optimized. The calculated results were in good 
agreements with the experimental data. 
(4) Combined with the experimental data, calculation by theoretical model of 
linear expansion coefficient for binary solid solution alloy was carried out. Parameters 
of Mo-X(X: W, V, Nb)、Ta-W、Cr-V、Pd-X(X: Ag, Ni) and Ni-Cu binary systems were 
optimized. The calculated results were in good agreements with the experimental data. 
(5) Based on the parameters in foundamental binary systems, Young's modulus 
and linear expansion coefficient were predicted by extrapolation. Young's modulus of 
Ta-Nb-W、Ta-Nb-Mo and Cu-Ag-Au were predicted as a function of temperature and 
composition. Linear expansion coefficient of Mo-V-X(X: W, Nb, Ta) and W-Ta-X(X: 
V, Mo) was predicted as a function of temperature and composition. Both Young's 














V21Nb20.6Mo21.7Ta15.6W21.1 were also predicted by extrapolation. For these elements 
are wildly used in superalloys, this work is expected to provide basic information for 
establishing mechanical properties database of the superalloy. 
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空隙中）两类。例如，Cu-Ni 固溶体为置换固溶体，C 溶入 Fe 中成为间隙固溶
体。根据溶质原子在溶剂中固溶度的不同，固溶体又分为连续固溶体（溶质原子
能够与溶剂完全互溶）和有限固溶体（溶质原子与溶剂只能部分互溶）。例如，






度。在上述几个因素的影响下，有些金属元素可以无限互溶，如 Ag 和 Pd，W
和 Mo，Ta 和 W 等。 
固溶强化是金属材料主要的强化方法之一。固溶体由于溶质的加入，强度（屈
服强度、拉伸强度）得到提高，硬度也会增加。强化后合金的综合力学性质比纯
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